K252a and staurosporine, protein kinase inhibitors, induced the outgrowth of extremely long extensions by Diet yostelium cells. Histochemical observations revealed that F-actin was selectively localized in the extensions. Cytochalasin D inhibited formation of the extensions, but nocodazole did not. These findings indicate that the inhibitors altered F-actin-based architecture.
Introduction. Dictyostelium has attracted the attention of cell biologists as a model organism suitable for probing the molecular basis of the dynamics of amoeboid movement. I found that K252a and staurosporine protein kinase inhibitors (PK inhibitors) induced formation of conspicuously long extensions by Dictyostelium cells, in the course of study to investigate whether a protein kinase(s) (PK) is involved in sporulation and stalk cell differentiation as reported previously. 9), 10) As these extensions are thought to form due to drastic alteration of cytoskeletal architectures, the effects of cytochalasin D (blocker of actin polymerization) and nocodazole (blocker of tubulin polymerization) were tested in the present study. Cytoskeletal compounds in these extensions were also examined by histochemical methods that detect F-actins and microtubules. Consequently, it was revealed that the extensions were mainly composed of F-actin, suggesting that PK regulates construction of F-actin-based architecture. In this connection, protein phosphorylation was examined.
Material and methods. D. discoideum NC4 cells used here were obtained by the method described elsewhere.9~ Effects of various inhibitors were examined on cells resuspended at 5x105 cells/cm2 in MKC-buffer (10 mM MES [pH 6.6], 20 mM KCI, and 1 mM CaCl2) in Lab-tek chamber slides or Nunclon tissue culture dishes (Nunc) and monitored with an inverted microscope (Olympus IMT-2) set up for phase contrast or differential interference-contrast (DIC) observation. Rhodamine-phalloidin and anti-ac tubulin antibody were used for detection of F-actins and microtubules, respectively.6~ Anti-a-tubulin (Amersham) and FITC-conjugated anti-mouse Ig (Tago; USA) were used as the first and second antibodies, respectively. Protein phosphorylation was examined in aggregative cells. Triton-insoluble fractions were prepared according to the method of McRobbie and Newell. 11) Whole cell lysates and Triton-insoluble fractions were electrophoresed according to the method of Laemmli.$~ Protease inhibitors were added to the sample buffer for SDS-PAGE and Triton stock solution, and autoradiography was performed as described elsewhere.9~
Results. In the presence of staurosporine, prestalk cells altered themselves into a flattened and spindle-like shape with a few long extensions like axons (Fig. 1A) . Such morphological changes were also elicited by K252a, but not at all in the absence of these inhibitors (Fig. 1B ). To examine whether these extensions were cytoplasmic remnants left behind after the cells had moved or active protrusions, the longest extension of a single cell (arrowhead in Fig. 1 ) was monitored. This extension had three branches at its distal end ( Fig. 2A, a) . In the next 10-20 min one of them lengthened ( Fig. 2A, a-c arrowhead) . Later, the cell itself moved toward the extension ( Fig. 2A, d ), as if it were guided by it. Clearly, the extension was actively protruded. K252a could replace staurosporine to elicit this extension-guided movement. On the other hand, prespore cells did not form any extension, suggesting that the inducibility of extensions by the inhibitors depends on cell type and developmental stage. A test of this possibility revealed that aggregative cells also responded to these inhibitors (Fig. 2B, 3A , B). They contracted immediately after replacement of the incubation medium with a medium containing K252a (Fig. 2B a, b) , and subsequently protruded a few slender extensions (Fig. 2B c, d ). Such protrusive activity was inhibited by cytochalasin D (Fig. 3C ), but not by nocodazole (see below), suggesting that the extensions were constructed from F-actin. These phenomena were also observed in vegetative cells (data not shown). Rhodamine-phalloidin stained these extensions greater than it did the cell bodies (Fig.  4A, B, arrowhead) , demonstrating that a drastic change in F-actin localization had been elicited. In contrast, anti-a tubulin antibody revealed that microtubules were specifically localized in cell bodies (Fig. 4C, D) . As described previously, nocodazole did not inhibit the formation of extensions that were stained with rhodamine-phalloidin (Fig. 4E, F) at concentrations sufficient for depolymerization of microtubules, except for a microtubule organizing center (Fig. 4G, H, arrow) .
Analysis of phosphoproteins in whole cell lysates revealed that there were many phosphoproteins. Phosphorylation of most proteins was not inhibited by staurosporine or K252a, while the extent of phosphorylation of 68-, 50-, 36-and 30-kDa phosphoproteins was decreased (Fig. 5 Right lanes 1-3) . Myosin heavy chain (MHC) was the sole phosphoprotein present in the Triton-insoluble fraction, and its extent of phosphorylation was scarcely lowered by the inhibitors (Fig. 5 Right lanes 4-6). Major components in the Triton-insoluble fractions were F-actins and MHC, and their amounts were not altered by the inhibitors (Fig. 5 Left lanes 4-6). Besides, several minor components such as 66-, 50-, 29-kDa proteins and so on were also recognized. The most important finding was that a 66-kDa protein in the Triton-insoluble fraction was markedly increased in amount in the presence of either inhibitor (Fig. 5 Left lanes 4-6). This protein corresponds to a 68-kDa The PK inhibitors, K252a and staurosporine, were found to induce Diet yostelium cells to form extremely long extensions. Although such extensions are not seen in normal cells, both vegetative and aggregative cells have high protrusive activity of filopods. Thus, elucidation of the molecular events leading to formation of the extensions would provide a clue to the mechanism underlying filopodal protrusion. The present findings that these extensions are mainly constructed from long bundles of F-actins that are preferentially localized in the extensions imply that these PK inhibitors elicit the bundling and elongation of F-actins. Furthermore, it is supposed that actin polymerization is not promoted by either inhibitor, because the amount of F-actin was not changed by the inhibitors (Fig. 5 Left lanes 4-6) . In Dictyostelium cells, several actin-binding proteins involved in bundle formation,3>>4> cross-linking,'>>2),5) and capping of F-actinsi2)"3) have been reported. Especially, the 50-kDa protein with actin bundling activity in vitro that was reported by Demma et a1.3~ seems to be noted, because a protein with a similar mobility to this 50-kDa protein in SDS-PAGE was found in the Triton-insoluble fraction, though at a low level (Fig. 5 Left) . Besides, a 50-kDa phosphoprotein whose phosphorylation was inhibited by the PK inhibitors was found in whole cell lysates (Fig. 5 Right, lanes 1-3). It is unknown whether the 50-kDa protein in the Triton-insoluble fraction is the same as the 50-kDa phosphoprotein in whole cell lysates, but it may be responsible for formation of the extensions. The most important finding was the 66-kDa protein that was enriched in the Triton-insoluble fraction during formation of the extensions (Fig. 5 Left, lanes, (4) (5) (6) .
The correlation between formation of the extensions and enrichment of this protein in Triton-insoluble fractions suggests that this protein is involved in the bundling and elongation of F-actins. Probably, the enrichment of the 66-kDa protein could be regulated by a certain PK(s) that would be inhibited by K252a and staurosporine.
One possibility is that the 66-kDa protein is a direct target of such a PK. protein may be mediated by dephosphorylation of some unknown factor(s) in the presence of the inhibitors. Taken together, the 66-kDa protein that is enriched by the PK inhibitors in the cytoskeletal fraction may be a novel protein involved in formation of the extensions. CBB-stained gel after SDS-PAGE in 10% polyacrylamide (Left) and its autoradiogram (Right). Lanes 1-3, whole-cell lysates; lanes 4-6, Triton-insoluble fraction. Samples were prepared from aggregative cells labeled for 2 hrs with 0.125 mCi/ml 32P-orthophosphate (Amersham) in the presence (lanes 2, 5; 5 µg/ml staurosporine: lanes 3, 6; 5 µg/ml K252a) or absence 
